Abstract: Many pharmacological agents are available for treatment of postmenopausal osteoporosis, including estrogen and the selective modulators of estrogen receptor (SERMS). Bazedoxifene is a third-generation SERM, which acts as estrogen agonist in bone and lipid metabolism and as an antagonist in the breast and endometrium. Studies demonstrated that bazedoxifene reduced significantly the risk of vertebral fractures. In a subgroup of patients at high risk (post-hoc analysis), a reduction of nonvertebral fractures risk was reported. Moreover, the combination of conjugated estrogens with bazedoxifene seems to offer an alternative to classical hormone therapy, improving the vasomotor symptoms and vaginal atrophy, without the use of a progestin. Bazedoxifene is a promising drug for the treatment and prevention of osteoporosis in postmenopausal women; however a safety concern regarding venous thromboembolic events is needed before starting treatment.
Introduction
Osteoporosis is a systemic skeletal disease characterized by decrease of bone strength, which leads to a bone fragility and increased susceptibility to fractures. 1 It is associated with increased mortality and morbidity, reduced mobility and independence, with negative social and psychological impact. 2 Many pharmacological agents are available for treatment of postmenopausal osteoporosis, including bisphosphonates (alendronate, risedronate, ibandronate, zoledronic acid), hormone therapy, parathyroid hormone and selective modulators of estrogen receptor (SERM, raloxifene). [3] [4] [5] The most frequent cause of osteoporosis is the decline of endogenous estrogens at the time of menopause. Estrogen has an antireabsorptive effect on bone and therefore, estrogen deficiency plays a central role in the development of postmenopausal osteoporosis. 6 The loss of bone mass before menopause is small, and probably parallel to that seen in men. However, perimenopausal bone loss is accelerated, reaching 2% a year over the next 5 to 10 years, and being more significant in the early years of menopause. 7, 8 On the other hand, young women with hypogonadism are also at increased risk of osteoporosis. 6 In addition, estrogen modulates a large number of biological activities, affecting gene expression, growth and physiology of all systems. 9 Many women experience symptoms and consequences of estrogen deficiency associated with menopause, which can be severe enough to require specific therapy. The most common menopausal symptoms are the hot flashes 10 and vaginal atrophy. 11 While estrogen therapy has been used to treat or prevent symptoms and consequences of menopause, including hot flashes and osteoporosis, SERMs have been developed in attempt to reach the therapeutic profile of hormone therapy, but without risk to the uterine and breast tissue. So far, no drug has achieved this goal. 12 In fact, the name SERM is used to describe a class of ligands with variable estrogenic activity in different tissues, which may act as an agonist in one system and antagonist in another. 13 This idea became apparent first with tamoxifen, a triphenylethylene derivative, being its antiestrogen action first described in vitro using a human cell line of breast cancer.
14 Tamoxifen binds to estrogen receptor and acts as an antagonist of estrogen in the breast.
However, long term treatment with tamoxifen increased the risk of endometrial cancer related to the partial agonist effect in the uterus. 15 Tamoxifen also has an agonist activity on bone mineral density and maintain bone mass in post menopausal women. The other SERM, raloxifene, was initially developed for treatment of breast cancer, 16 however, different from tamoxifen, it did not show the same level of stimulation on the endometrium. 17 In addition, raloxifene was shown to decrease plasma cholesterol levels and vertebral fractures. It was the first SERM to be approved by the US Food and Drug administration for the prevention and treatment of postmenopausal osteoporosis. Several new SERMs have entered clinical development in recent years. 18 Lasofoxifene has been investigated for the prevention and treatment of osteoporosis and for the treatment of vaginal atrophy in postmenopausal women. In a 2-year, randomized, double-blind study of postmenopausal women (N = 410), the mean change in lumbar spine BMD relative to placebo was significantly greater (P , 0.05) with lasofoxifene 0.25 and 1.0 mg/day (3.6% and 3.9%, respectively) compared with raloxifene 60 mg (1.7%), although the responses were comparable for total hip. Both lasofoxifene and raloxifene significantly reduced levels of bone turnover markers and low-density lipoprotein cholesterol compared with placebo. Evidence suggests that lasofoxifene treatment may cause increased endometrial thickness compared with placebo, although there has been no evidence of an increased risk of endometrial hyperplasia or cancer. 19 The effects of ospemifene on biochemical markers of bone turnover in postmenopausal women have also been evaluated. In phase 2 studies, ospemifene had a similar effect on most markers of bone resorption and bone formation compared with raloxifene and significantly greater changes from baseline compared with placebo (P , 0.05) at most doses. 20, 21 Evidence suggests that ospemifene may be associated with increased endometrial thickness and uterine volume. 22 Arzoxifene was initially investigated for the treatment and prevention of breast cancer. The effects on bone mineral density, fractures, uterine safety, and overall safety were further studied in a randomized, placebo controlled trial including postmenopausal women with normal to low bone mass. 23 However, preliminary results from a five-year clinical study showed that arzoxifene met its primary endpoints of reduction in vertebral fractures and breast cancer in postmenopausal women. However, failed to meet secondary endpoints of reduction in non-vertebral fractures and cardiovascular events and improvements in cognitive function. Based on these results, the drug company announced they are discontinuing further development of the drug. 24 Other SERMs for postmenopausal osteoporosis, like idoxifene and levormeloxifene, had their studies discontinued, in part, because of adverse uterine effects, including increased endometrial thickness. 25, 26 Bazedoxifene is a third-generation SERM, which acts as estrogen agonist in bone and lipid metabolism and as an antagonist in the breast and endometrium. 13 It was recently approved for the treatment of postmenopausal osteoporosis in Europe and Japan. The aim of this review is to describe the efficacy, safety and acceptability of bazedoxifene in women with postmenopausal osteoporosis.
Mechanism of Action of Bazedoxifene
Estrogens have a positive effect on the skeleton by inhibiting osteoclast activity, 27, 28 leading to increased bone mineral density 29 and reducing the risk of fractures. [30] [31] [32] However, estrogen therapy (alone or combined with progestin) has been associated with deleterious effects on other systems. The combination of estrogen and progesterone appears to increase risk of breast cancer, 30 while the use of estrogen alone has been associated with increased risk of endometrial cancer. 33 In addition, both appear to increase cardiovascular risk. 30, 32 There are two types of estrogen receptor (ER). Alpha receptor predominates in the breast and endometrium, while the beta receptor predominates in bone, heart, endothelium and various other tissues. 34 Estrogens, particularly 17β-estradiol, and to a lesser extent, estrogen, bind and activate ER, modulates the growth and differentiation of target cells. Each receptor activates different signaling pathways, and the result is a complex balance of different actions for each system. 35 For example, while activation of ERα (predominant in the female reproductive system) was found to stimulate cell growth, activation of ERβ (gastrointestinal, cardiovascular, respiratory and urinary system) often counteracts this process. 36 SERMs are substances with the ability to act as specific agonists\ antagonists on the estrogen receptor subtypes, modulating them. 37 Bazedoxifene binds with high affinity to the ER. 38 Tamoxifen is the first generation, and raloxifene is second. The main feature that differs from the generations of SERMs it's the effects on breast tissue and the uterus. 39 In vitro studies have shown that bazedoxifene did not stimulate proliferation of breast cancer cells (MCF-7) and also suppressed the proliferation induced by 17β estradiol in a dose-dependent manner. In animal studies, treatment with bazedoxifene preserved bone mass and reduced levels of bone turnover markers. 13 Moreover, when compared to other SERMs such as raloxifene and lasofoxifene, bazedoxifene proved to be the most potent inhibitor of the increase in uterine weight induced by estrogen in ovariectomized rats. 40 Finally, studies in mice demonstrated that bazedoxifene was the most effective antagonist against the stimulation provided by estrogen on breast tissue when compared to raloxifene and lasofoxifene. 40 
Metabolism and Pharmacokinetics
Bazedoxifene is rapidly absorbed and has a long halflife as unchanged drug, up to 33 hours. The maximum plasma concentration occurs 1-2 hours after administration. It shows high plasma protein binding (99%) and volume of distribution of 248 + 34 L/kg. It is metabolized through the glucuronidation pathway, with few metabolites formed via cytochrome P450. The combination gives rise to the BZA-5-glucuronide (40%-95% of metabolites) and to a lesser extent, the BZA-4-glucuronide. The extensive metabolism and the effect of first-pass are responsible for the low oral bioavailability and high clearance of the drug. The major route of excretion is the feces (85%) with less than 1% being excreted in the urine. 41, 42 Bazedoxifene is little metabolized by cytochrome P450, therefore risk of drug interactions is low. 43 Baird et al 44 evaluated the interaction between bazedoxifene 20 mg and 600 mg ibuprofen, and concluded that the use of two drugs together is safe and does not require dose adjustment.
Efficacy in Clinical Studies
Bazedoxifene represents a new drug for osteoporosis treatment with a safety profile until now. 45 Clinical studies of phase 2 and 3 assessed the behavior of the drug in different doses. In phase 2, the effect of bazedoxifene on bone turnover markers was examined.
Clinical Medicine Insights: Women's Health 2012:5 A prospective, randomized, double-blind study compared bazedoxifene in doses of 5 mg, 10 mg and 20 mg to raloxifene 60 mg or placebo. A total of 494 postmenopausal women were enrolled and treated for 3 months. The investigators reported a reduction in levels of bone turnover markers in bazedoxifene and raloxifene groups, even with low doses of bazedoxifene as 5 mg. 46 Still in phase 2 studies, the effect of bazedoxifene on the endometrium was evaluated in a prospective and double-blind manner, with 6 months follow-up. 497 healthy postmenopausal women were randomized to receive doses bazedoxifene 2.5, 5.0, 10, 20, 30 and 40 mg daily, and were compared with patients receiving conjugated estrogen combined with medroxyprogesterone acetate (0.625 mg and 2.5 mg, respectively). Doses of up to 40 mg a day bazedoxifene were well tolerated and did not stimulate the endometrium. There was a significant reduction in endometrial thickness and uterine bleeding with doses of 30 and 40 mg/day compared to placebo, suggesting an antagonistic effect of the drug on the endometrium. 47 Two large studies have evaluated the behavior of bazedoxifene in phase 3. One study, with 2 years follow-up, multicenter, evaluated 1434 postmenopausal women aged $45 years with T score in lumbar spine or femoral neck between −1.0 and −2.5 and/or risk factors for osteoporosis (family history of fractures, smoking, bilateral oophorectomy, menopause before 40 years of age, inadequate calcium intake). The objective of this study was to evaluate the efficacy and safety of bazedoxifene in preventing bone loss. Patients were randomized into 5 groups: bazedoxifene 10, 20 or 40 mg daily, placebo or raloxifene 60 mg daily, and all received calcium carbonate 600 mg daily. All doses of bazedoxifene and raloxifene prevented the loss of bone mass, while in the placebo group there was a significant loss of bone mass at all sites evaluated. The mean differences in percent change in lumbar spine BMD from baseline after 24 months was 1.8% ± 0.28%, 1.41% ± 0.28%, 1.49% ± 0.28%, and 1.49% ± 0.28% for bazedoxifene 10, 20, and 40 mg and raloxifene 60 mg, respectively (P , 0.001 for all comparisons). A similar response was observed at other sites. There was a significant reduction in the levels of osteocalcin and C-telopeptide comparing the treated and control groups. Thus, this study demonstrated that treatment with bazedoxifene prevented bone loss and reduced bone turnover as well as raloxifene, and shows good tolerance. 48 Another large randomized, double-blind study evaluated 6847 postmenopausal women with osteoporosis treated with bazedoxifene 20 or 40 mg/day, raloxifene 60 mg/day or placebo for 3 years. The patients were aged between 55 and 85 years, with menopause for at least 2 years. All patients received 1,200 mg calcium and 400-800 IU of vitamin D per day. The incidence of new vertebral fractures was significantly lower in the groups receiving bazedoxifene 20 mg (2.3%), bazedoxifene 40 mg (2.5%), and raloxifene 60 mg (2.3%) compared to placebo (4.1%) (P , 0.05), with relative risk reduction of 42%, 37% and 42%, respectively. The incidence of nonvertebral fractures was not different between groups. In a post hoc analysis of a subgroup of patients (n = 1772) with a high risk of fractures bazedoxifene 20 mg showed a 50% reduction in risk of nonvertebral fractures compared with placebo (P = 0.02) and raloxifene 60 mg (P = 0.05) (hazard ratio, 0.50; CI, 0.28-0.90). Furthermore, bazedoxifene also significantly improved BMD and reduced of bone turnover markers compared with placebo. 49 
Safety and Adverse Effects
The most common adverse effects reported were headache, infection, arthralgia, back pain, abdominal pain, hypertension, hot flushes, and flu syndrome.
48-50
A group of researchers evaluated the safety and tolerability of bazedoxifene on the basis of phase 3 clinical studies. Were evaluated 3146 patients who received bazedoxifene 40 mg, bazedoxifene 20 mg or placebo, with recruitment for a period of seven years, starting in 2001. After five years, the incidence of adverse events, serious adverse events and discontinuation due to adverse events was similar between groups. The group receiving bazedoxifene had a higher incidence of hot flushes and cramps compared with placebo. Most of these effects were mild to moderate in severity and did not result in study discontinuation. In addition, clinical laboratory tests indicated no clinically relevant safety findings. 51 Regarding thromboembolic events, Miller et al 48 found no difference in the incidence of deep vein thrombosis between the groups receiving bazedoxifene (0% to 0.6% with various doses after 2 years) and the placebo group (0.3%). However, in the study by Silverman et al 51 the incidence of deep vein thrombosis was higher among the bazedoxifene groups (0.5% and 0.6% for bazedoxifene 20 and 40 mg, respectively) than the placebo group (0.2%; overall P , 0.05), consistent with what was observed in other studies of SERMs. The incidence of pulmonary or retinal vein thrombosis was similar among groups. None of these studies 48, 51 showed a higher incidence of adverse effects on the cardiovascular system with bazedoxifene, including myocardial infarction and stroke. Also there seems to be a favorable effect (or at least without adverse significant effect) on the lipid profile. Finally, bazedoxifene does not seem to stimulate the endometrium and breast tissue. 50 After five years, the incidence of breast cancer with bazedoxifene was low and similar to that with placebo. There were fewer cases of fibrocystic breast disease and breast cysts with bazedoxifene 20 and 40 mg compared with placebo. There was one report of endometrial hyperplasia in each group. No cases of endometrial carcinoma were reported with bazedoxifene 20 mg; the number of endometrial carcinoma cases was lower with bazedoxifene 40/20 mg (n = 3) compared with placebo (n = 6; overall P = 0.05). There was one report of lung carcinoma in the study (placebo group). 51 
Association of bazedoxifene and conjugated estrogens
The classical hormonal therapy, a combination of estrogen with progestin, raises concerns about possible negative effects of progesterone. The "tissue selective estrogen complex" (TSEC) is the term used to describe a new kind of therapy, which has been investigated in recent years in an attempt to develop effective new therapies with a more favorable tolerability profile. 52 In recent publications, the combination of bazedoxifene and conjugated estrogens (BZA\EC) showed to reduce the frequency and severity of hot flushes, vaginal atrophy and the symptoms associated, maintain or increase bone density, with an incidence of amenorrhea and pain in breast cancer at least equivalent to placebo, without stimulating the endometrium. 18, [53] [54] [55] In a phase 3 clinical study 53 3397 postmenopausal women were evaluated for the effects of bazedoxifene 10, 20 or 40 mg in combination with conjugated estrogen 0.45 mg or 0.625 for 2 years, compared to raloxifene 60 mg or placebo. This study was divided into two subgroups: women with menopause between 1-5 years or .5 years.
In two subgroups, regardless of time of menopause, there was significant improvement in BMD in the lumbar spine in the group receiving BZA\CE compared to placebo (P , 0.001). In addition, there was improvement in BMD at the lumbar spine (P , 0.05) for all doses of BZA\CE compared to raloxifene, except in women with menopausal for .5 years who received 40 mg bazedoxifene. In women with menopausal for .5 years, the annual percentage change in BMD was 0.51% to 0.59%, 0.79% and −1.08%, respectively, for different doses of BZA\CE, raloxifene and placebo. Similarly, in women with menopause between 1-5 years, the changes were 0.55% to 1.60% −0.07% and −1.41%, respectively. 53 Thus, based on the data presented, the combination BZA\CE seems to be a promising therapeutic option, with effects on bone and endometrium similar to that of conventional hormone therapy, but without the need of a progestin. 52 Place in therapy and patient preference So far the only SERM approved for the treatment and prevention of osteoporosis is raloxifene, which has demonstrated effectiveness in preventing bone loss and fractures, with the added benefit in preventing breast cancer. The development of a new SERM should bring attributes that represent an improvement over drugs already established. Bazedoxifene was shown to be effective in maintaining or improving BMD, reduce bone turnover and reduce the risk of fractures in postmenopausal women with no evidence of stimulation on the endometrium and breast tissue. 56 Moreover, although the optimal dose has not yet been established, the bazedoxifene has the convenience of taking a single daily dosage, a safe metabolic profile and minimum drug interaction with other drugs.
Conclusions
Bazedoxifene is a promising drug for the treatment and prevention of osteoporosis in postmenopausal women. In Phase 3 studies, bazedoxifene reduced the risk of vertebral fractures by 37% to 42% in women with osteoporosis compared to placebo. In addition, reduced risk of nonvertebral fractures in a subgroup of patients at high risk (post-hoc analysis) was reported. It also seems to have a safe profile on lipid metabolism, endometrial and breast tissue. Thromboembolic events, although they were more common than in placebo, seems to be similar to raloxifene. Therefore, a safety concern regarding the development of venous thromboembolic events is need before start treatment in postmenopausal women. Based on the data presented, the bazedoxifene appears to be a good candidate for the next generation of osteoporosis treatment. Moreover, the combination of conjugated estrogens with bazedoxifene seems to offer an alternative to classical hormone therapy, with preservation of bone mass, improvement of vasomotor symptoms and vaginal atrophy, without the use of a progestin.
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